PCT 


^|RLD INTELLECTUAL PROPERTY ORGANIZATION^^ 

International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 6 : 
B01D 35/143, 46/42 


Al 


(11) International Publication Number: WO 98/41306 

(43) International Publication Date: 24 September 1998 (24.09.98) 


(21) International Application Number: PCT/US98/04660 

(22) International Filing Date: 1 1 March 1998 ( 1 1 .03.98) 


(30) Priority Data: 

08/818,797 


14 March 1997(14.03.97) 


US 


(71) Applicant: MINNESOTA MINING AND MANUFACTUR- 

ING COMPANY [US/US]; 3M Center, P.O. Box 33427, 
Saint Paul, MN 55133-3427 (US). 

(72) Inventor: HOAQUE, Michael, Paul; P.O. Box 33427, Saint 

Paul, MN 55133-3427 (US). 

(74) Agents: HANSON, Karl, G. et al.; Minnesota Mining and 
Manufacturing Company, Office of Intellectual Property 
Counsel, P.O. Box 33427, Saint Paul, MN 55133-3427 
(US). 


(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 


Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 


(54) Tide: A FILTER ELEMENT HAVING A STORAGE DEVICE FOR KEEPING TRACK OF FILTER USAGE AND A SYSTEM 
FOR USE THEREWITH 



(57) Abstract 

The present invention provides for a fitler assembly (124) which includes a filter element (128) and a memory device (402). The 
memory device (402) allows for a record of the filter element's usage to be available at all times even if the filter assembly (124) is moved 
from one filtering system to another one. In another embodiment of the invention, the filter assembly (124) interacts with a filtering device 
such as air unit (130) which periodically updates the memory device (402) while the air unit (130) is operational. The air unit (130) also 
periodically checks to see if the filter assembly (124) has reached the end of its useful life. If so, the air unit provides an audible and/or 
visual alarm. 
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A Filter Element Having A Storage Device For Keeping 
Track Of Filter Usage And A System For Use Therewith 

Technical Field 

5 This invention relates in general to the field of filters, such as air, gas and 

liquid filters and more particularly, to a filter having a storage device for keeping 
track of its usage and a system for use therewith. 

Background 

10 When working in environments laden with dust, fumes, air borne bacteria, 

mists, etc. it is common to wear a powered air-purifying respirator or other type of 
respiratory protection device. Powered air-purifying respirators protect wearers 
from such health threatening conditions as asbestos-countering dusts, radionuclides, 
blood borne pathogens, etc. 

I 5 A typical powered-air respiratory system will include a head cover having a 

face shield and a belt-worn air filter unit which provides a flow of filtered air to the 
head cover via a breathing tube. The air filter unit will contain within its housing a 
filter such as a high efficiency particulate air (HEP A) filter or other type of filter for 
filtering out the impurities in the environment. During operation, ambient air is 

20 drawn through the belt-mounted air filter unit by a conventional blower 
motor/impeller assembly (hereinafter referred simply as the "blower motor 
assembly"). The unfiltered air is then drawn through the air unit's internal filter and 
the filtered air is then sent into the head cover. 

In order to maintain the effectiveness of the respiratory system in filtering 

25 out impurities, it is critical that the disposable filter located in the air filter unit be 
replaced on a periodic basis. Failure to replace the filter on a timely basis causes the 
system to provide less than optimal filtering capability and can endanger the health 
of the respiratory system users 

Businesses such as those that have many personal respiratory systems for 

30 use by their employees will typically have a maintenance schedule which notifies 
them when each of the filters in each respiratory unit needs to be replaced. 
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Although effective most of the time, this type of scheduled maintenance approach 
requires monitoring via a schedule which may or may not be followed on a timely 
basis. A bigger problem occurs if a filter from one respiratory system is exchanged 
with a filter from another system or with a previously used filter. In this particular 
5 situation, one may lose track of when to replace the particular filter since the filters 
are no longer associated with the same powered air unit. This situation may cause a 
filter to stay in service long after it has reached its end-of-life condition and has lost 
some or all of its filtering capabilities. 

Although the above discussion has highlighted the problems associated with 
10 personal respiratory systems, the same problems can occur with any filtering device 
or system that uses a replaceable or portable filter. For example HVAC (heating/ 
ventilation/ air conditioning) systems, liquid filtering systems such as water 
purification systems for electronic assembly plants, automotive air and cabin filters, 
etc. 

15 Given the portable nature of most filters used in personal respiratory 

systems and other types of fluid (e.g., air, gas and liquid) filtering devices/systems, a 
person who is changing a replaceable filter is usually never certain of how much life 
is left in the filter unless he installs a new filter straight from its original packaging. 
Otherwise, it could very well be that the filter that is being installed had been 

20 previously used elsewhere for some period of time. In these situations, it becomes 
very difficult to gauge a filter's end-of-life and determine when the filter should be 
changed. Using a filter beyond its useful life can cause all sorts of problems 
depending on the type of filtering system in question. For example, in the case of 
machinery, using a filter beyond its useful life can cause the machinery to 

25 prematurely fail. While in respiratory systems, a used-up filter can subject the user 
to serious health problems. A need thus exists in the art for a filter and system 
which can overcome the problems stated above. 

Brief Description of the Drawings! 
30 FIG. 1 shows an exploded view of a respiratory system in accordance with 

the present invention. 
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FIG. 2 shows l^ar view of the air filter unit of the res^Uory system with 
filter removed. 

FIG. 3 shows a perspective view of an air filter unit in accordance with the 
invention. 

FIG. 4 shows an electrical schematic of the filter and system in accordance 
with the invention. 

FIG. 5 shows a perspective view of the filter assembly shown in FIG. 1. 

FIG. 6 shows a simplified flowchart which highlights the steps taken to 
update the filter assembly for use in accordance with the invention. 


Summary of the Invention 
The present invention provides for a filter (filter assembly) which can keep 
track of its usage via a storage device located in the filter (filter assembly) which 
communicates with the particular filtering system/device (e.g., personal respiratory 
15 system, etc.) the filter is used in. The storage device keeps track of the filter's 
usage even if the filter is used in more than one filtering system/device. 

In another embodiment of the invention, a filtering system includes a filter 
unit which communicates with a filter having a storage device. During operation, 
the filtering system periodically updates the storage device found in the filter with 
20 regards to the filter's usage. Upon the filter reaching its predetermined end-of-Iife 
condition, the filtering system can alert the user of the filter's end-of-life condition 
via either visual or audio alerts or both. 

Derailed Description of the Preferred Embodiment 
25 Referring to the drawings and in particular to FIG. 1, there is shown an 

exploded view of a filtering system such as a personal respiratory system in 
accordance with the preferred embodiment. It is worth noting here that although 
the preferred embodiment will be described in terms of a personal respiratory 
system, the present invention is not so limited, and can be used in most fluid (e g., 
30 air, gas and liquid, etc.) filtering applications in which a replaceable filter is utilized. 



WO 98/41306 PCT/US98/04660 

The respiratory system 100 of the preferred embodiment comprises a 
disposable headcover 102 with optional cape. The headcover 102 further includes a 
face shield for protecting the face area. The disposable headcover can be 
manufactured from appropriate protective fabric commercially available for such 
5 use such as TYVEK® fabric sold by E.I. Du Pont De Nemours & Co., Inc. In 
order to make the hood resistant to liquids, it is further coated with polyethylene. 
The headcover 102 includes a breather tube port 104 for receiving the slotted 
connector 106 located on breather tube 108. The second connector 1 10 located on 
breather tube 108 connects to the output port 1 12 of air filter unit 130. 

10 Air filter unit 130 includes a conventional blower motor and impeller 

assembly (hereinafter referred to simply as the "blower motor assembly") 118 
located within the air unit's housing 134 which can be better seen in FIG. 2. The 
blower motor assembly 1 18 is powered in the preferred embodiment by a removable 
battery pack 120. Preferably, the battery pack 120 can include rechargeable 

1 5 batteries such as nickel-cadmium batteries or other types of commercially available 
batteries which can be recharged. Although it is preferable that battery pack 120 be 
capable of being recharged, the battery pack can also be designed to use non- 
rechargeable batteries. A filter or filter assembly 124 having a storage or memory 
device located therewith in accordance with the present invention is electrically 

20 connected to the air filter unit via connector 122. Filter assembly 124 in the 
preferred embodiment includes a HEPA filter 128. Although a HEPA filter is 
utilized in the preferred embodiment, other types of filtering media may be utilized 
depending on what level of filtration is needed or the particular application in 
question. The air unit 130 also includes a cover member 126 which mates to the 

25 main air unit housing 134 in order to seal the entire air unit assembly. 

A circuit board 114 located within the housing 134 includes an electrical 
connector 1 16 for mating to connector 122 located on filter or filter assembly 124. 
The electronics found on circuit board 114 as will be explained in more detail 
further below, monitors the time the blower motor assembly 1 18 is operational and 

30 periodically updates the memory device located in filter assembly 124. A visual 
indicator 132, such as a light emitting diode (LED), which is coupled to circuit 
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board 1 14 provides a visual indication to the respiratory system user that the filter 
assembly 124 needs to be replaced, or if another problem is detected with the 
system. The LED 132 will be activated upon the filter usage circuit determining 
that the filter assembly 124 has reached the end of its useful service life. The LED 
5 132 can be mounted anywhere on housing 134, but preferably in a location which is 
conspicuous. Instead of, but preferably in addition to LED 132, an audio indicator, 
such as a piezo alarm (see item 202 at FIG. 2), is included in order to provide an 
audible alert to the system user of "end of filter life" and other system conditions. 

A rear view of the air unit is shown in FIG. 2 with the cover 126 and filter 

10 assembly 124 removed. In operation, blower motor assembly 118 draws ambient 
air through filter assembly 124 and forces the filtered air out through output port 
1 12 Unfiltcrcd air enters the air unit 130 via vents located on cover 126. The air 
once filtered bv filter assembly 124 moves towards the headcover 102 via breather 
tube 108 A rubber seal 204 provides a mating seal for air filter assembly 124 

15 around its periphery Alignment key 206 found on one corner of the opening 
prevents the filter assembly 124 from being inserted in an incorrect orientation into 
housing member 134 

The female connector 116 includes a plurality of contacts which 
interconnect with corresponding contacts found on the male connector 122 located 

20 in the removable filter assembly 124. Connectors 116 and 122 electrically 
interconnect the filler assembly's storage device 402 with the filter usage 
monitoring circuit located on circuit board 114. To provide further filter end of 
service life alert capability to the respiratory system user, a piezo alarm 202 
electrically coupled to the system usage monitoring circuit provides an audible alert 

25 upon the filter assembly 1 24 reaching the end of its useful service life. 

As shown in FIG 3, a belt 302 which loops through openings 306 allows 
the air filter unit 1 30 to be worn by a user of the equipment. During normal 
operation, the air filter unit 130 will reside in the back of the user along the waist 
area. The breather tube 108 will run up the back and neck of the user and into port 

30 104 found in the back of the head cover 102. For battery recharging convenience 
or for allowing an external battery pack to be interconnected to the air filter unit 
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130, a charging port or socket 304 is provided on the side of the air filter unit 130. 
Battery pack 120 located inside of the air filter unit 130 can be charged by plugging 
in a charger into socket 304. Socket 304 could also be used in situations in which it 
is desirable to use an external battery pack. 
5 Referring now to FIG. 4, an electrical schematic of the electronics located 

within filter assembly 124 and the circuit board 114 located within air unit 130 are 
shown. Located in replaceable filter assembly 124 is a storage or memory device 
402. Storage device 402 can preferably be encapsulated or embedded within the 
frame of filter 128 in order to protect it from the external environment (as shown in 

10 FIG. 5), or it can be located elsewhere on filter assembly 124. For example, the 
storage device 402 can be embedded within the filter media, although this may not 
be the most desirable location since it may take away from the filtering capability of 
the filter assembly. The storage device 402 could also be attached to the filter's 
frame member or filter media using one of a number of well known mounting or 

15 attachment techniques In another embodiment, the storage device 402 can be part 
of an assembly along with connector 122 which can be attached to the filter 
assembly's housing. 

By locating the storage device 402 with the filter or filter assembly 124 such 
that it is carried by the assembly, a record of the filter's usage will always be 

20 available even if the filter assembly is removed and placed in another filtering system 
as well be explained below. In the preferred embodiment, storage device 402 
comprises a 256 bit serial electrically erasable programmable read only memory 
(EEPROM) embedded within the disposable filter assembly 124. Although an 
EEPROM is used in the preferred embodiment, other types of conventional 

25 nonvolatile storage devices which can be updated can be used in its place. In the 
preferred embodiment, memory device 402 comprises a 93AA46 EEPROM 
manufactured by uCHEP, Inc. 

Storage device 402 is coupled to connector 122 which electrically 
interconnects the CHIP SELECT (labeled CS), DATA IN (labeled DI), DATA 

30 OUT (labeled DO), positive voltage (VDD), ground (COM) and CLOCK (labeled 
SK) signals between EEPROM 402 and the corresponding lines located on circuit 


board 1 14. Connec^^22 serves as the input port for filter fftmbly 124. Many 
different types of connectors and electrical interconnection mechanisms as know by 
those skilled in the art can replace the type of connector 122 used in the preferred 
embodiment. 

5 A logic level high on the CHIP SELECT line selects the EEPROM 402, 

while a logic level low on the CHIP SELECT line de-selects the EEPROM 402. 
The DATA OUT line outputs bits of data from the controller 410 to the EEPROM 
402 v while the DATA IN line, inputs data bits to the controller 410 from the 
EEPROM 402. A logic level high on the CLOCK line clocks a serial data bit into 

10 or out of the EEPROM 402. 

The system usage monitoring circuitry found on circuit board 1 14 comprises 
voltage inputs 404 and 406. In the preferred embodiment, voltage inputs 404 and 
406 are connected in parallel to the voltage lines connected to blower motor 
assembly 11 8 coming from battery pack 120. As such, only when the blower motor 

15 assembly 1 18 is turned on via an on-off switch located on the air unit's housing 
1 34 will the system usage monitoring circuitry have power applied to it via lines 
404 and 406 

A comparator 408 such as a MAX92 ICS A comparator manufactured by 
Maxim, Inc. provides a controlled "filtering system operational" signal 412 to 

20 controller 410 Signal 412 is a logic high when there is proper voltage provided at 
voltage inputs 404 and 406. A logic high on line 412 also indicated that power is 
applied to blower motor assembly 1 1 8 and the air unit is causing ambient air to flow 
through filter 128. Comparator 408 provides a logic high on line 412 when the 
designed for voltage threshold level is reached. This threshold level is determined 

25 by the voltage divider formed by R101 and R102. Comparator 408 also provides 
conventional hysterisis which helps avoid output logic level toggling between on 
and off conditions when operating around the threshold voltage level. 

Controller 410 preferably comprises a microcontroller which includes built- 
in EPROM, RAM and input/output ports, Although in the preferred embodiment 

30 controller 410 comprises a PIC16LC54A microcontroller manufactured by jiCHIP, 
Inc. any one of numerous commercially available microprocessors or 
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microcontrollers can be used in its place. Instead of using a microcontroller or 
microprocessor, controller 410 can also be design using conventional discrete 
components or an ASIC. 

A 32,768 Hertz (Hz) crystal Y101 is used as the external oscillator source 
5 for the controller 410. Controller port RAO controls when LED CR101 one of two 
annunicators found in the air unit is turned on or off. While a first output port from 
controller 410, labeled OUT1, provides a controlled output voltage to turn on the 
second annunicator which is a piezo alarm 202. A second output port, labeled 
OUT2, provides a pulse output every second which can be used by an external 
1 0 device or circuit which is attached to the air unit. 

Table 1 below provides a more detailed list of the circuit components found 
in the schematic shown in FIG. 4. 
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TABLE 1 


REFERENCE # 

DESCRIPTION 


Parts List for Air Unit Board Assembly (AUBA) 

C102, C303 

CAPACITOR^ 33 PF 5% SOV WPO fWnmi^ ($.\A rian^ 
^"j- ".v^x x vcv, j j i. x , j /o, ju v vvru ceramic ^oivi uouj y 

C101 

CAPACITOR 47 uF 20% 6 3 V Tantalum (<i\A PRTP'* 

F101 

CRYSTAL 32 768 Hz Rs 50KDL Cn 85 nF f9MTY* 

CR101 

DIODE, LED Red Diffused 20 racd lOmh 
(SMMELF) 

CR102 

DIODE Shotkv PRV 20 vf 45V LA fSM MFT F i 

408 

IC Comparator L ow Pwr 7 5 V Anin i w/Vr*>f ^^JHTPQ^ 

410 

TC LP llC PTP16T C54A* S17FPPOTV^ 17 P ATV/f HTP 

LV fSOICS i 


LIGHT PIPE, FOR CR102 

AUBAPCB 

PCB 062" FR-4 SMT SS SM 

R104 

RESISTOR. 10K OHM 5% 1/1 OW Thin Film (^\A ORftSi 

R103 

RESISTOR, 68 OHM 5% 1/10W Metal Film (SM 0805) 

R102 

RESISTOR. 698K OHM 1% 1/10WM<»ta1 FilmYSM 

uxu a VXVj vyui\ WXilvi i / U X/ IV VV IVXvLdl X 11111 I O-LVX 

0805) 



R101 

RESISTOR. 825k OHM 1% 1/10W M«»tal Film (<sKA 

ivuuiu i UAt-^lv. V/XX1VX l /0 1/ lw VV iYXClal XilIIl lolVx 

0805) 


alternate Part* PIC16LV54A-/80 




Parts List for Filter Board Assembly 

C201 

CAPACITOR, .01 uF 10% 50V X7R Ceramic (SM 0805) 

402 

IC, 256-bit serial EEPROM for 2V-5.5V op (S0IC8) 

FBAPCB 

PCT, .062" FR-4 SOLE SIDED SLK SCRB SOLDER 
MSK 


FIG. 5 shows a perspective view of the filter assembly shown in FIG. 1. In 
FIG. 5, the filter assembly's housing 502 is shown located along the entire 
5 perimeter of filter media 128. The storage device 402 is also highlighted located 
embedded within housing 502. 

In FIG. 6, a simplified flowchart highlights the operation of the system in 
accordance with the preferred embodiment. In step 602, once power is turned on in 
the air unit 130, the controller 410 goes through a routine initialization routine in 
10 which internal flags and registers are initialized and set. During this initialization 
period, the controller 410 will also run a test routine to make sure that there is 
communication with the EEPROM 402 and that it is operational. If it is determined 
that the EEPROM 402 is malfunctioning in step 604, an alarm signal can be 
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generated via one of two annunicators, alarm 202 and/or LED CR101 in order to 
alert the respiratory system user in step 606. 

Preferably, during manufacture of the filter assembly 124, a unique serial 
number will be programmed into the EEPROM 402 which will help identify the 
5 filter assembly 124. Also during manufacture, a filter life threshold value will be 
programmed into EEPROM 402. The stored filter life threshold will inform the 
filtering device attached to filter assembly 124, in the preferred embodiment air unit 
1 30, how many hours of operation that particular filter can handle before needing to 
be replaced For example, for a particular filter element the filter life threshold might 

10 be set at 40 hours. The filter life threshold value will vary depending on the type of 
filter being used and type of filtering application in question. Both the serial number 
and filter life threshold will be stored in specific address locations within EEPROM 
402 These address locations will be established as "READ-ONLY" locations in 
order not to corrupt the data. 

1 5 Also as part of the initialization process, in step 604, the routine will 

compare the filter life threshold value with the amount of time the filter assembly 
124 has been in use by checking a variable stored in EEPROM 402 called the filter 
usage value and comparing it with the filter life threshold. If it is determined that the 
filter assembly 124 has reached its end-of-life limit, in step 606, the controller 410 

20 will cause an alarm signal to be generated via alarm 202 and/or LED CR101 in 
order to alert the respiratory system user that it is time to replace the filter assembly 
124. The alarm 202 and/or LED CR101 can provide different types of alarm 
sequences (e.g., different audible alarms, different blinking rates, etc.) depending if 
the alarm is based on bad communications between the controller and EEPROM or 

25 if the alarm is due to a bad filter element condition. 

Once power is available to controller 410 the controller 410 will poll input 
RA1 to see if there is a logic high on line 412 indicating that the air unit 130 is 
operational. As soon as input RA1 is determined to be at a logic high, a 
conventional real-time clock routine performed by the controller's embedded 

30 software commences counting the length of time line 412 is asserted high in step 
608. In step 610, after a predetermined length of time has elapsed (update period), 
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for example one mim^sontroller 410 in step 612 will write t£e specific address 
locations where the filter, usage value is stored in EEPROM 402 thereby updating 
the amount of time filter assembly 124 has been actually in service. This write to 
the EEPROM is accomplished by the controller sending an update message to the 
5 EEPROM which causes the filter usage value to be modified. 

Those skilled in the art will realize that there are many ways of updating the 
filter usage value located in EEPROM 402. For example, the update signal sent by 
the controller 410 in one design can increment the filter usage value, while in 
another design, the filter usage value can be decremented with each update signal. 

10 In the first design, the filter end of life condition will be reached when the filter 
usage value equals the filter life threshold value (e.g., 40 hours), while in the second 
design, the filter end of life condition will be reached when the filter usage value 
equals zero. Other methods of updating a variable as known in the art can also be 
used in place of the two techniques briefly discussed above in order to keep track of 

1 5 the length of time the filter assembly has been in use. 

In step 614, controller 410 will compare the filter life threshold value with 
the current filter usage value to determine if the filter has reached its end-of-life 
condition. This is done by reading the EEPROM and performing a simple compare 
function which is performed by the controller's software routine. If in step 616, it is 

20 determined that the filter's usage value has reached the filter life threshold, the 
controller 410 in step 618 will cause the LED CR101 to commence blinking by 
asserting port RAO low. Controller 410 will also cause alarm 202 to emit an 
audible alarm by asserting port OUT1 in order to further alert the user. If it is 
determined in step 616, that the filter element has not reached the end of its useful 

25 life, the routine will loop back and continue updating the filter usage value locations 
periodically (e.g., every minute) as long as the air unit 130 is operational. 

It is worth noting that the real time clock routine mentioned in step 608 is 
running continuously while steps 610-616 are performed. The update period 
mentioned in step 610 is also continuously being cleared and restarted after every 

30 periodic update. Also, the routine periodically monitors input RA1 to see if there is 
sill a logic high on line 412 indicating that the air unit 130 is operational. If input 
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RA1 goes low (indicative that air unit is not operational), the routine will stop 
incrementing the EEPROM 402. 

While the invention has been described in conjunction with specific 
embodiments, it is evident that many alternatives, modifications, permutations and 
5 variations will become apparent to those skilled in the art in light of the foregoing 
description. For example, although in the preferred embodiment, the input port 122 
comprises a separate connector which is electrically coupled to EEPROM 402, the 
input port could be designed using the same pads of the EEPROM 402 (especially if 
the EEPROM 402 is encapsulated into the filter assembly housing. Accordingly, it 
10 is intended that the present invention embrace all such alternatives, modifications 
and variations as fall within the scope of the appended claims. 


CLAIMS: 


r^i/ua*o/iwoou 


1 . A replaceable filter assembly, comprising: 
a filter element; and 

5 a nonvolatile memory device coupled to the filter element for storing 

information relating to the replaceable filter assembly. 

2. A replaceable filter assembly as defined in claim 1, wherein the 
information stored in the nonvolatile memory device includes the amount of the 

10 time the replaceable filter assembly has been used. 

3. A replaceable filter assembly as defined in claim 1, wherein the 
information stored in the nonvolatile memory device includes a serial number which 
identifies the replaceable filter assembly. 

15 

4. A replaceable filter assembly as defined in claim 1, fiirther 
comprising: 

an input port electrically coupled to the nonvolatile memory device for 
interconnecting the replaceable filter assembly to a filtering device/system. 

20 

5. A replaceable filter assembly as defined in claim 1, wherein the 
nonvolatile memory device comprises an EEPROM 

6. A replaceable filter assembly as defined in claim 1, wherein the 
25 nonvolatile memory device is embedded within the filter element. 

7. A replaceable filter assembly as defined in claim 1, further 
comprising: 

a housing which is located about a portion of the perimeter of the filter 
30 element. 
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8. A replaceable filter assembly as defined in claim 7, wherein the 
nonvolatile memory device is encapsulated within the housing. 

9. A replaceable filter assembly as defined in claim 7, wherein the 
nonvolatile memory device is attached to the housing. 


10. A filtering system, comprising: 

a filter assembly including: 

a filter element; and 
10 a nonvolatile memory device attached to the filter element; and 

a controller for monitoring the amount of time the filtering system is 
operational and periodically sending an update signal to the nonvolatile memory 
device. 

15 11. A filtering system as defined in claim 10, wherein the update signal 

causes a filter usage value stored in the nonvolatile memory device to change value, 
the filter usage value providing an indication on the amount of time the filter 
element has been in use. 

20 12. A filtering system as defined in claim 11, wherein the controller 

periodically compares the filter usage value to a filter life threshold value to 
determine if the filter element has reached its end-of-life condition. 

13. A filtering system as defined in claim 12, further comprising: 
25 an annunicator; and 

the controller causes the annunicator to provide an alert if the controller 
determines that the filter element has reached its end-of-life condition. 

14; A filtering system as defined in claim 12, wherein the respiratory 
30 system comprises a powered-air respiratory system which includes an air unit 
having a blower motor assembly, and the controller determines the amount of time 
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the blower motor assembly is operational and sends the update signal to the input 
port periodically as long as the blower motor assembly is operational. 

15. A filtering system as defined in claim 10, wherein the filtering system 
comprises a respiratory system. 

16. A respiratory system, comprising. 

a filter assembly including a filter element and a nonvolatile memory device 

attached to the filter element; 

an air unit including a blower motor assembly and a controller circuit; and 
the controller circuit determines the amount of time the blower motor 

assembly is operational and provides an update signal for storage in the nonvolatile 

memory device which is indicative of the length of time the blower motor has been 

operational. 

17. A respiratory system as defined in claim 16, wherein the controller 
circuit periodically updates the nonvolatile memory device by sending periodic 
update signals during the time the blower motor assembly is operational. 

18. A respiratory system as defined in claim 16, wherein the air unit and 
replaceable filter assembly both include connectors which allow for the electrical 
interconnection of the controller and the nonvolatile memory device. 
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